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INTRODUCTION 
Three dimensional (3D) reconstructions of the spinal 
vertebrae have been utilised to create computational models 
for assessing spinal biomechanics and to permit clinicians to 
interrogate a virtual representation of the spinal anatomy for 
patients with complicated or unusual bone 
pathologies/deformities. These reconstructions have 
primarily been developed using computed tomography (CT) 
scanning. However, the radiation exposure associated with 
the use of CT scans to assess anatomical features, 
particularly in young patients, precludes the routine use of 
this imaging modality in research.  
 
While osseous tissues are visible from magnetic resonance 
imaging (MRI), direct segmentation of bony anatomy using 
thresholding techniques is not straightforward, requiring a 
long and user-intensive process to manually segment the 
bone profile on a slice-by-slice basis. However, in light of 
the non-irradiating advantages offered by this imaging 
modality for routine scanning of patients, the current project 
sought to develop an efficient, accurate and semi-automatic 
method for reconstructing vertebral anatomy from clinical 
MRI. 
 
METHODS 
Clinical MRI and CT datasets for five adult cadaveric 
lumbar spines (L1-L5) were obtained (mean age: 76 years ± 
7.5 years) (QUT Ethics number: 1400000900). MRI was 
acquired using a T2-weighted gradient echo sequence, with 
acquisition time 15 minutes, repetition time 14.06ms and 
echo time 5ms. Scanning resolution was 0.43mm x 0.43mm 
x 0.40mm for MRI and 0.31mm x 0.31mm x 0.51mm for 
CT. 
 
The semi-automated technique developed to reconstruct 
vertebral anatomy from MRI involved the following steps: 
 Contrast enhancement with 0.8 saturated  pixel  
percentage (FIJI [1]) 
 Image filtering using Anisotropic Diffusion (FIJI) – 
This created a more homogenous pixel intensity in 
the bone and intervertebral disc regions and 
enhanced the boundaries between the tissues. 
 Bone segmentation using thresholding (Amira, FEI, 
Hillsboro, Oregon, USA)   
 Semi-automated removal of volumetric artefacts 
(Amira)  
 
The 3D vertebral anatomy for each lumbar spine was also 
reconstructed from the CT data (Amira), to provide a 
reference volume for assessing the accuracy of the MRI-
based technique. The CT- and MRI-based reconstructions 
for the individual L3 vertebra were registered and linear 
deviations between these two volumes calculated. These 
linear deviations measured the distance between the outer 
surfaces of the reconstructed volumes. 
 
RESULTS  
 
Figure 1 An example of linear deviation (mm) between CT and MRI 
reconstruction of L3. A) Right lateral, B) Anterior, C) Posterior, D) 
Left lateral 
The mean positive (MRI > CT) and negative (MRI <  CT) 
linear deviation between the CT and MRI volume 
reconstruction for L3 were 1.26mm ± 1.10mm and -0.9mm 
± 0.92mm, respectively. The average time required to 
reconstruct vertebral anatomy for a lumbar spine from the 
MRI data was 6 hours and this was performed on an HP 
desktop computer. A set of user-defined parameters was 
optimised for the anisotropic diffusion filtering (edge 
threshold 5, iterations 30) and for the pixel intensity 
required to threshold bone using Amira (mean intensity 
range 13-132).  
 
DISCUSSION AND CONCLUSIONS 
An accurate, semi-automatic technique was developed to 
segment and reconstruct lumbar vertebral anatomy using 
MRI data. This technique resulted in reconstructed vertebral 
anatomy with clearly defined vertebral bodies as well as 
posterior elements, something hereto not achieved in prior 
studies. The technique is sensitive to the quality of bone 
imaged, and for aged or osteoporotic bone with very 
inhomogeneous pixel intensity, the geometric accuracy was 
reduced.  
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